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Abstract 

Top flavour-changing neutral interactions with a light quark q = u,c and a 
gauge or Higgs boson are very suppressed within the Standard Model (SM), but 
can reach observable levels in many of its extensions. We review the possible 
size of the effective vertices Ztq, jtq, gtq and Htq in several SM extensions, and 
discuss the processes in which these interactions might show up at LHC and at 
a high energy e + e~ linear collider. 

1 Introduction 

The next generation of high energy colliders planned or under construction will test the 
Standard Model (SM) with high precision and will explore higher energies in the search 
of new physics. New physics may manifest itself in two ways: through direct signals 
involving the production of new particles or by departures from the SM predictions for 
the known particles. Direct signals are crucial in order to establish the type of new 
physics present in nature but indirect effects are important as well, and in some cases 
they could give evidence of physics beyond the SM before new particles are discovered. 

The top quark plays a key role in the quest for deviations from SM predictions for 
two reasons: (i) due to its large mass, radiative corrections involving new particles 
are often more important than for lighter fermions; (u) its large mass suggests that 
it might have a special role in electroweak symmetry breaking. Top quarks will be 
copiously produced at LHC and, to a lesser extent, at a high energy e + e~ collider 
like TESLA. With such large samples, precise measurements of its couplings will be 

* Presented at the final meeting of the European Network "Physics at Colliders", Montpellier, 
September 26-27, 2004. 
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available to test SM predictions [1,2]. Here we study flavour-changing neutral (FCN) 
couplings involving the top quark. The most general effective Lagrangian describing 
its interactions with a light quark q = u,c and a gauge or Higgs boson, containing 
terms up to dimension 5, can be written as 

+e\t q(X v qt + \%n^^-tA^ + g s C qt q(& + Q^-^^qG^ 

where q v = (pt—p q ) u is the boson momentum and q, t are shorthands for the quark fields 
u(p q ) and u{pt), respectively. The couplings are constants corresponding to the first 
terms in the expansion in momenta, normalised to |a^| 2 + |a^| 2 = 1, \^ v q t\ 2 + \ K qt\ 2 = 1? 
etc., with X qt , K q t, Xqt, (qt and g qt real and positive. In principle there are additional 
terms that could be included in this effective Lagrangian, for instance proportional to 
C/iviPt + PqYZ^- However, in the processes discussed the top quark can be considered 
on its mass shell to a very good approximation and the gauge bosons are either on 
their mass shell or coupling to light fermions. Hence, these extra interactions can be 
rewritten in terms of the ones in Eq. JTJ using Gordon identities. 

L Ft 

Within the SM, the 7 M couplings x q l vanish at the tree level by the GIM mecha- 
nism, and non-renormalisable a^ u terms do not appear in the Lagrangian. Both types 
of vertices are generated at one loop level but, as will be shown in Section they 
are strongly suppressed by the GIM mechanism, making FCN top interactions very 
small. In models beyond the SM this GIM suppression can be relaxed, and one-loop 
diagrams mediated by new bosons may also contribute, yielding effective couplings or- 
ders of magnitude larger than those of the SM. The possible size of top FCN vertices 
in several SM extensions will be summarised in Section El These interactions lead to 
various top decay and single top production processes which will be discussed in Sec- 
tion EJ The observation of such processes, extremely rare in the SM, would provide 
a clear indirect signal of new physics, although the presence of SM backgrounds must 
be considered. In specific models, the presence of these interactions may be correlated 
with other effects at high or low energies. One example of such correlation will be 
shown in Sectional 

We note that in the literature there are numerous alternative normalisations of the 
coupling constants in C eS . For this reason, we express our limits on the couplings 
in terms of top decay branching ratios. We use m t = 178.0 ± 4.3 GeV [3], a{m t ) = 
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1/128.921, s 2 w (m t ) = 0.2342, oc s {m t ) = 0.108 and assume m H = 115 GeV. The tree- 
level prediction for the leading decay mode t — > bW + is 
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which yields Y{t — > bW + ) = 1.61 GeV. We take this value as the total top width T t . 
The partial widths for FCN decays are given by 
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The corresponding branching ratios are then 
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2 Top FCN interactions in the SM 

One-loop induced FCN couplings involving the top quark have a strong GIM suppres- 
sion, resulting in negligible branching ratios for top FCN decays [4,5]. We show how 
this cancellation mechanism operates taking as example the jtc vertex. The SM di- 
agrams contributing at one loop level are depicted in Fig. [TJ with di = d, s, b. We 
omit the diagrams involving unphysical scalars, which can be obtained replacing the 
W boson lines by charged scalars. 
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Figure 1: SM diagrams contributing to the tcy vertex. The additional diagrams in- 
volving unphysical scalars are not displayed. 

If we define V 7 = e\ qt \ v qt /m t , Ay = e\ qt X^ t /m t , we can write these form factors as 

3 

i=l 
3 

A = ^TAaKVm^v;*, ( 5 ) 

i=l 

with f-yv( x ) — f-yA^x) (equal in the limit m c = 0) and V the Cabibbo-Kobayashi- 
Maskawa (CKM) matrix. The function / 7 y is shown in Fig. [21(a). Using the fact that 
m<2, s — to an excellent approximation, the 3x3 CKM unitarity relation V c dV t * d + 
VcsV* + V cb V t * b = implies 

V 7 = [f lV {ml/M 2 w ) - / 7V (0)] V cb V: h = f lV {m 2 b /M 2 w )V cb V; h . (6) 

Hence, the form factor is controlled by the shifted function f' v , plotted in Fig. [2] (b). 
We observe that the consequence of 3 x 3 CKM unitarity is to cancel the constant 
term / 7 y(0) ~ —5.1 x 1CT 6 — 6.0 x 10~ 6 2, common to the three d,s,b contributions, 
leaving V 7 proportional to the much smaller function f' v (ml/Myy) ~ f' v (0.0012) ~ 
-9.1 x 10" 9 -4.7 x 10~ 9 i. 

This cancellation makes the form factors rather sensitive to the value of the b quark 
mass in the internal propagators. The most adequate choice is the running MS mass 
evaluated at a scale 0{m t ). With TrTb(m t ) = 2.74 ± 0.17 GeV, the SM prediction for 
t — » C7 is [6] 

Br(t -> cry) = (4.6 tj;jj ± 0.2 ± 0.4 tH) x 10~ 14 . (7) 

The first and second uncertainties quoted come from the bottom and top masses, re- 
spectively, the third from CKM matrix elements and the fourth is estimated varying the 
renormalisation scale between Mz (plus sign) and 1.5 m t (minus sign). The analogous 
calculation of t — > eg yields 

Br(t -> eg) = (4.6 t 1 ^ ± 0.2 ± 0.4 t 2 ^) x 10" 12 . (8) 
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(a) (b) 
Figure 2: Loop functions / 7 y(mf/M^) and f! y y{rn^/M^). 

These updated results are one order of magnitude smaller than the values previously 
obtained in Ref. [4]. For t — * cZ, t — > cH the results of Refs. [4,5] must be rescaled 
by a factor \m^{m t )/{h GeV)] 4 ~ 0.09 (the loop functions are approximately linear for 
ml/M^ < 1), obtaining 

Br(t cZ) ~ 1 x 10" 14 , 

Br(t -> cH) ~ 3 x 10" 15 . (9) 

The relative uncertainties on these values are expected to be similar to the ones in 
Eqs. (jZj),©- For decays t — ► uZ, t — > wy, t — > ug, t — > uH the branching ratios are 
a factor \V u b/V c b\ 2 — 0.0079 smaller to the ones corresponding to a c quark, as can be 
seen from Eq. Q. The difference between the u and c masses is irrelevant. 



3 Top FCN interactions beyond the SM 

New physics contributions to the effective Lagrangian in Eq. (IT} can enhance the rates 
of top FCN decays several orders of magnitude, giving observable branching ratios in 
some regions of parameter space. Here we examine the situation in the context of 
models with extra quark singlets, with an extra Higgs doublet and in supersymmetric 
extensions of the SM. 

In models with extra quarks the 3x3 CKM matrix is no longer unitary and the GIM 
mechanism acting to suppress the SM amplitudes is relaxed. When the new quarks are 
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SU(2)/, singlets with charge Q = 2/3, the couplings of the Z boson to up-type quarks 
are not diagonal. Taking a conservative value for the mass of the new quark, > 300 
GeV, present experimental data allow 

X qt ^ 0.015 (|4| = 1,^ = 0) (10) 

at the tree level [7]. Such couplings are possible both for up and charm quarks, but 
not simultaneously. In these models there also exist tree-level FCN scalar interactions, 
given by 

9 * ~ J^ Xqt (gVqt = * ' (U) 
The branching ratios for top decays mediated by these vertices are Br(t — > qZ) ~ 
1.1 x 10 -4 , Br(£ — > qH) ~ 4.1 x 10~ 5 , respectively. The decay rates for t — > qj, t — > qg 
are also enhanced due to the partial breaking of 3 x 3 CKM unitarity and the presence 
of extra Feynman diagrams like those in Fig. [2 (a) but with an u or t internal quark and 
a Z boson. The rates obtained are Br(£ — > qj) ~ 7.5 x 10~ 9 , Bv(t — > qg) ~ 1.5 x 10~ 7 
for X qt ~ 0.015. In models with Q = —1/3 singlets the branching ratios are much 
smaller [6] since CKM unitarity breaking is very constrained by experimental data. In 
SM extensions with SU(2) £ doublets there may also exist right-handed tree-level FCN 
couplings X qt [8]. 

FCN interactions with scalars are also present at the tree level in two Higgs doublet 
models (2HDMs), unless a discrete symmetry is imposed to forbid them. The couplings 
are often assumed to scale with quark masses [9], 

* - W (12) 

up to a factor of order unity, i.e. g ct ~ 0.20, g ut — 0.012, leading to Br(t — > cH) ~ 
1.5 x 10~ 3 , Br(£ — > uH) ~ 5.5 x 10 -6 , respectively. The new scalar fields also give 
radiative contributions to the Ztq, ^ytq and gtq vertices, with diagrams analogous to 
those in Fig. [H replacing the W boson by a charged scalar, and additional diagrams 
with an up-type internal quark and a neutral scalar. The resulting branching ratios 
can be up to Br(t -> cZ) ~ 10~ 7 , Br(t -> try) ~ 10" 6 , Br(t -> eg) ~ 10^ 4 [10,11], 
with smaller values for decays to an up quark. In 2HDMs without tree-level scalar FCN 
couplings, charged and neutral Higgs contributions to C eS can still increase significantly 
the rates for top FCN decays with respect to the SM predictions. The maximum values 
reached are of the order Br(i — > cZ) ~ 10~ 10 , Br(£ — > cj) ~ 10 -9 , Br(t — > eg) ~ 10 -8 , 
Br(t -> cH) ~ 10- 5 [11,12]. 
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Recent calculations in the context of the Minimal Supersymmetric Standard Model 
(MSSM) show that for non-universal squark mass terms Br(£ — > qZ) ~ 2 x 1CT 6 , 
Br(t -> 97) ~ 2 x 10~ 6 , Br(t -> g#) ~ 10~ 4 can be reached while keeping agreement 
with low energy data [13,14]. These results are larger than previous estimates [15-17]. 
The branching ratio of t — > qH can be up to Br(t — ► qH) ~ 10~ 5 [18], assuming 
squark masses above 200 GeV. In all these decays the largest contributions to the 
amplitudes come from gluino exchange diagrams. In non-minimal supersymmetric 
models with R parity violation, top FCN decays can also proceed through baryon 
number violating interactions, yielding Br(£ — > qZ) ~ 3 x 10~ 5 , Br(£ — > 57) ~ 1 x 10~ 6 , 
Br(t -> 55) ~ 2 x 10~ 4 [19], Br(i -> g#) ~ 10~ 6 [20]. (We obtain these values taking 
A = 1 in Refs. [19,20].) 

We collect the data presented in this section in Table HJ together with SM predic- 
tions. Two conclusions can be extracted from these figures: (2) Models with tree-level 
FCN couplings to Z, H give the largest rates for decays to these particles, as it is 
expected; (ii) the radiative decays t — > 37, t — ► qg have largest branching ratios in 
supersymmetric extensions of the SM. 
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Table 1: Branching ratios for top FCN decays in the SM, models with Q = 2/3 quark 
singlets (QS), a general 2HDM, a flavour-conserving (FC) 2HDM, in the MSSM and 
with R parity violating SUSY. 

4 Experimental observation 

Present experimental limits on top FCN couplings come from the non-observation 
of the decays t — > qZ, t — ► qj a t Tevatron and the absence of single top production 
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e + e- -> tq at LEP and eu -> et at HERA. The best limits are Br(t -> gZ) < 0.159 [21], 
Br(t -> 97) < 0.032 [22], Br(i -> 1*7) < 0.011 [23,24] with a 95% confidence level (CL), 
very weak if compared to the rates which can be achieved in the SM and its extensions. 1 
These limits will improve with Tevatron Run II, and will reach the 10~ 5 level at LHC 
and TESLA (or other future e + e~ collider), opening the possibility of the experimental 
observation of top FCN interactions. 

4.1 Observation at LHC 

At LHC top quarks are abundantly produced in ti pairs via standard QCD interactions, 
with a cross section around 860 pb [1]. The search for top FCN couplings can be 
performed looking for processes in which the top quark decays via t — > qZ [25], t — > 97 
[26], t — ► qg [27], t — > qH [28], mediated by the operators in Eq. (JTJ), while the antitop 
decays t — > W~b. The charge conjugate processes, with standard top decay and FCN 
antitop decay, are also included in the analyses but for brevity we do not refer to them 
in the following. Due to the large QCD backgrounds at LHC, the search for signatures 
of these processes must be performed in the leptonic channels W~ — > t~Ui, with £ — e, v 
(with a good r tagging this channel could be eventually included as well). In Z and 
H decays the channels considered are Z — > £ + £~ and H — > bb, respectively, b tagging 
is used in order to reduce backgrounds. 

On the other hand, one can search for single top production mediated by the anoma- 
lous vertices in Eq. (IT}, in the processes gq — > Zt [29], gq — > jt [29], gq — > t [30], 
gq — > Ht [28], followed by a standard top decay t — > W + b. The Feynman diagrams 
for these processes are depicted in Fig. El Zt and jt production can also occur via 
gtq interactions, but the presence of this type of operator is easier to detect in the 
process gq — > t. We collect in Table El the tree-level cross sections for FCN single top 
production processes, calculated with MRST parton distribution functions set A [31]. 
Next-to-leading order corrections for Zt and jt production are available for Tevatron 
energies [32]. For LHC they are expected to increase the cross sections at the 10% 
level. 

It is clearly seen that for q = c these processes are suppressed by the smaller 

1 Our LEP bound on Br(i — » qZ) slightly differs from the one quoted in Ref. [21] because we 
normalise the rates to T(t — > bW + ). The translation into limits on X qt is also different from theirs, 
because they assume X ut = X ct while we assume only one coupling is different from zero, thus 
obtaining more conservative bounds. 
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Figure 3: Diagrams for single top production in hadron collisions: (a) Zt produc- 
tion mediated by Ztq couplings; (b) jt production mediated by jtq couplings; (c) t 
production; (d) Ht production. 
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Table 2: Cross sections (in pb) for single top plus antitop production processes at LHC. 
In each case the first term in the sum corresponds to the process quoted and the second 
term to the charge conjugate process. 

structure functions for the charm quark. For nonrenormalisable couplings the cross 
sections are enhanced by the q v factor appearing in the vertex: with the normalisation 
chosen for the coupling constants, for \X qt \ ~ \k^\ ~ |A 9t | the first three branching 
ratios in Eq. (|3J take similar values, while the cross sections in Table [2] are much larger 
for cr^-type interactions. 

The search for these processes is cleaner in the channels where W + — > 
Z — > , H — ► bb, and taking advantage of b tagging to reduce backgrounds. Their 
experimental signatures are written in Table 02 where we also include the most impor- 
tant backgrounds. 
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Table 3: Experimental signature and main background for several top rare decay and 
single top production processes at LHC. The top antiquarks are assumed to decay 
t — > W~b — > £~V(b, and the Z and H bosons in the channel Z — > £ + £~ , H — > bb. 

In order to determine the discovery potential of these processes we consider that 
only one FCN coupling X qtl K qtl \ qtl ( qt or g qt is nonzero at a time. We give the 
limits for 3 a evidence, what happens when the expected number of signal (5") plus 
SM background (B) events is not consistent with a background fluctuation at the 
3cr level, corresponding to a CL of 0.9973. For large samples, this translates into 
S/\fB = 3, while for B < 5 events Poisson statistics must be used. We rescale the 
data in Refs. [25,26,28-30] to a common b tagging efficiency of 50% and a mistagging 
rate of 1%, recalculating the limits using these unified criteria. 2 (We note that in these 
analyses a top quark mass m t — 175 GeV is used.) We assume an integrated luminosity 
of 100 fb _1 , corresponding to one year of running in the high luminosity phase. For an 
increase in luminosity by a factor k, the limits on branching ratios scale with k^ 1 ^ 2 . 

We point out that in real experiments a proper consideration of theoretical uncer- 
tainties in background cross sections will be compulsory. Present calculations in the 
literature are aimed at determining the sensitivity to FCN couplings of various pro- 
cesses, and do not need to take them into account. However, for the comparison of 
theoretical predictions with experimental data, leading order (LO) background calcu- 
lations will often be insufficient and next-to-leading order (NLO) calculations will be 
required to match the statistical precision achieved at LHC. In Table El we have written 
the order in perturbation theory to which these backgrounds are presently known. We 
estimate that when the statistical uncertainty of the background cross sections 3 is bet- 
ter than 20% the use of NLO calculations is necessary (this is indicated in Table [3 by 

2 In Ref. [25] b tagging is not used and to obtain our limits we scale their cross sections by the 
appropriate factors. The interactions considered there are of 7^ type only but the limits for a^ v 
couplings are expected to be the same. In Ref. [27] the analysis is done for Tevatron energies only. 

including b tagging and kinematical cuts, and considering 100 fb _1 of integrated luminosity. For 
a higher luminosity the relative statistical uncertainty decreases. 
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an asterisk) and when it is better than 5%, next-to-next-to-leading-order calculations 
may be required (indicated by a double asterisk). 4 

Our limits are collected in Table |H In the majority of the cases top decay pro- 
cesses provide the best place to discover top FCN interactions, surpassed by single top 
production for cr^-type interactions involving the up quark. Comparing these limits 
with the data in Tabled] we observe that in many examples the maximum rates pre- 
dicted are observable with 3 a statistical significance or more within one year (with a 
luminosity upgrade to 6000 fb _1 [33] the figures in Table 0] are reduced by a factor of 
7.7). If no signal is observed, upper bounds on top FCN decay branching ratios can be 
placed. The 95% upper limits obtained in this case are numerically smaller than those 
in Table |U by a factor between 1.3 and 1.5. 
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Table 4: 3 a discovery limits for top FCN interactions at LHC, for an integrated lumi- 
nosity of 100 fb _1 . The limits are expressed in terms of top decay branching ratios. 

The ATLAS and CMS collaborations have performed full detector simulations to 
investigate the sensitivity to the decays t — » qZ , t — > qj, giving 5cr discovery limits on 
the rates for these processes for an integrated luminosity of 100 fb -1 . For the ATLAS 
detector the limits are Br(t -> qZ) = 2.0 x 10~ 4 [34], Br(t -> qj) = 1.0 x 10^ 4 [1], and 
for the CMS detector Br(t -> qZ) = 1.9 x 10" 4 , Br(t -> q~f) = 3.4 x 10" 5 [1]. After 
correcting for the different confidence levels used, the numbers for t — > qj at CMS 
agree very well with those in Table IH while the rest are more pessimistic. 

To conclude this subsection we note that at LHC there are additional processes 
which can occur through top FCN interactions. The first example is single top pro- 
duction associated with a jet produced via gtq interactions [35], which is however less 
sensitive than gq — > t. The second example is like-sign top production [36], mediated 

4 In principle, it may be also possible to normalise the background cross sections using measured 
data from other phase space regions, thus decreasing the theoretical uncertainty in the regions of 
interest. If this is the case, NLO or even LO calculations may be sufficient. 
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by two FCN vertices. This process has a smaller cross section than processes with only 
one FCN vertex, but might be observed at LHC due to its small background. 

4.2 Observation at an e + e~ collider 

A high energy e + e~ collider like TESLA will complement LHC capabilities in the search 
for top FCN couplings. As in hadron collisions, the operators in Eq. {TJ mainly manifest 
themselves in top decay and single top production processes. In e + e~ annihilation top 
quark pairs are produced by electroweak interactions, and single top quarks may be 
produced in the process e + e~ — > tq, [37], via the diagrams in Fig. |4j (The charge 
conjugate process is also summed.) At TESLA the top pair production cross section 
at 500 GeV is only of 600 fb [2], and limits obtained from top decays [38,40] cannot 
compete with those from LHC, despite the larger luminosity and smaller backgrounds. 
On the contrary, single top production can match or even improve some LHC limits if 
beam polarisation is used to reduce backgrounds [39]. We have updated the study of 
Ref. [39] to include the effect of initial state radiation (ISR) [41] and beamstrahlung 
[42,43] in the calculations. We assume integrated luminosities of 345 fb -1 and 534 fb -1 
per year for centre of mass (CM) energies of 500 and 800 GeV, respectively [44], and 
beam polarisations P e - = 0.8, P e + = —0.6. 5 For beamstrahlung at 500 GeV we use the 
parameters T = 0.05, N = 1.56, while at 800 GeV we take T = 0.09, N = 1.51 [44]. 
We also include a beam energy spread of 1%. The total cross sections at both energies 
for each type of anomalous coupling are written in Table El 




Figure 4: Diagrams for single top production in e + e collisions. 

We find that ISR and beamstrahlung make it more involved the reconstruction of the 
top quark momentum and additionally they increase the Wjj background cross section. 
Following the analysis of Ref. [39], but with a different reconstruction procedure and 
different sets of kinematical cuts, we obtain the 3 a discovery limits in Table El The 

5 Here we use the convention in which the degree of polarisation refers to the helicity both for the 
electron and the positron, in contrast with Refs. [38,39]. 
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500 GeV 800 GeV 



Z, 7m 370|X gt | 2 2W\X qt \ 
Z,<V 2560|^ t | 2 2850 \K qt 
7 5370 |Ag £ | 2 6300 | X qt 



Table 5: Cross sections (in fb) for single top production at TESLA, including ISR, 
beamstrahlung and beam energy spread, for polarisations P e - = 0.8, P e + = —0.6. The 
cross section for single antitop production is the same. 

limits for 7 M couplings to the Z boson are slightly better than the ones previously 
obtained in Ref. [39] without ISR and beamstrahlung, but still not competitive with 
those from LHC. For a^ v interactions the opposite happens: limits including these 
corrections are a little worse but at any rate they improve the LHC potential in most 
cases, especially at 800 GeV, where the q v factor in the vertex keeps signal cross sections 
large. 

500 GeV 800 GeV 

t -> qZ( lfl ) 1.9 x 10~ 4 1.9 x 10- 4 
* -> qZ(a^) 1.8 x 10~ 5 7.2 x 10' 6 
t^qj 1.0 xlO -5 3.8 x 10~ 6 



Table 6: 3 a discovery limits for top FCN interactions in single top production at 
TESLA, for CM energies of 500 and 800 GeV, with respective luminosities of 345 fb -1 
and 534 fb -1 . The limits are expressed in terms of top decay branching ratios. 

We remark that LHC and TESLA are complementary in the search for top FCN 
interactions. LHC has a better discovery potential for 7 M couplings to the Z boson 
and FCN interactions with the gluon and the Higgs boson, while TESLA is more 
sensitive to a^ v couplings to the Z and the photon. Moreover, if positive signals 
are observed, results from both colliders may be necessary to determine the type of 
operator involved. While TESLA cannot disentangle Z and photon interactions, its 
good c tagging efficiency may allow to determine the identity of the light quark. On 
the contrary, the processes described at LHC determine if the FCN vertices involve the 
Z boson or the photon, but it is more difficult to tag the flavour of the light quark. 
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4.3 Other colliders 

For completeness, we list here other possible places where top FCN interactions can be 
probed as well. One possibility is and 77 collisions. The latter is specially sensitive, 
and a positive signal could be found in the context of the MSSM [45,46]. Note however 
that in this case there are further contributions to 77 — > tc given by box diagrams 
which cannot be parameterised by the vertices in £ eff . (This is also the case for e + e~ 
annihilation [47].) ep scattering is another place where this type of interactions might 
lead to new effects, but their sensitivity is far beyond the ones achievable at LHC or a 
future e + e~ collider. 

5 Conclusions 

In the previous sections we have seen that top FCN couplings are negligible in the 
SM but can be enhanced in SM extensions. We have shown that these interactions 
lead to observable effects at high energy colliders, mainly in top decay and single 
top production processes. In order to cleanly observe an excess with respect to SM 
expectations, and hence the presence of top FCN interactions, a precise background 
calculation is compulsory. This is a task which should be carried out in the next few 
years, before LHC experimental data are available. 

We have shown that top FCN interactions offer a good place for the study of indirect 
effects from physics beyond the SM. However, one important aspect which has not been 
discussed is the correlation between top FCN processes and other possible new physics 
effects at high or low energies. This study includes, but is not limited to, the effect of 
top FCN operators in low energy physics [48]. Although the branching ratios in Table [T] 
are in agreement with present experimental data, effects in B physics are possible and 
could be measured in experiments under way at B factories. 

One example of such correlation is present in models with Q = 2/3 singlets. A 
coupling \X ct \ ~ 0.015 observable at LHC requires a sizeable deviation of the diagonal 
Ztt coupling from its SM expectation [7], which would certainly be seen in ti production 
at TESLA. Furthermore, a FCN coupling of this size allows for a CP-violating phase 
X = aig(yt s V* b V* s Vcb) ~ ±0.3 in the CKM matrix [49], much larger in absolute value 
than the SM expectation 0.015 < x < 0.022. This phase would lead to observable 
phenomena in B oscillations and decay and, if such a phase is found, it necessarily 
requires the presence of a FCN coupling at the observable level. 
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The examination of possible correlations between top FCN interactions and other 
processes at low and high energies is model-dependent, and further analyses should be 
done in that direction. In particular, if indirect effects are meant to serve as consis- 
tency tests of a (new physics) model, the relation between the presence of top FCN 
interactions at an observable level and other indirect effects must be fully understood. 
The investigation of such correlations will help uncover the nature of new physics, if 
positive signals are found at the present or next generation of colliders. 
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